Some fourteen years ago LOEB ('92) observed that the oral ends of pieces of Tubularia mesembryanthemum usually gave rise to hydrantbs when not in contact with the substratum. Pieces so placed that the aboral ends were surrounded on all sides by water produced almost without exception hydranths at these ends. But if the aboral ends were brought into permanent contact with the surface of a solid body stolons frequently appeared. Stolon-formation was frequently observed when the pieces were laid on the bottom of the containing vessel, but LOEB states that the vessel must remain undisturbed and the same side of the piece must remain in contact with the substratum in order that this result may occur.
MORGA~ and STEVENS ('04) have recently observed in experiments on Tubularia marina that this species as compared with others exhibits a *stronger tendency to produce a stolon from an aboral cut end rather than a heteromorphic hydranth,~.
While at Naples in 1902/3 I noted the frequent development of stolons at the aboral ends of pieces of T. rnesembryanthemum and reached conclusions somewhat different from those vf LOEB regarding the influence of contact. During the last two winters further experiments along the same line were performed at the Hopkins Laboratory, Pacific Grove, California, this time on T. marina.
The present paper includes an account of my observations and experiments regarding stolon-formation on both species together with some consideration of their bearing upon the problem of polarity in Tubularia.
I. Stolon-Formation in Tubularia mesembryanthemum.
1. The Frequency of Stolon-Formation.
My records as regards stolon-formation are incomplete in certain respects because I failed to recognize the full significance of some of the results until it was too late to obtain further data by additional experimcnts~ but they are sufficient to permit certain important conclusions.
The first point for consideration is the frequency of stolon-formation during regulation in this species. The following table (Table I) shows the results obtained. All pieces used in these experiments were cut from stems 15 ram. or more in length. The so-called whole stems include all that part of the stem between a point 2 mm proximal to the original hydranth and the stolon. Half-stems are the distal or proximal halves of stems similarly prepared, the original hydranth and about 2 mm. being removed in all cases from the distal end. No piece in these series was less than 10 mm. in length. This table shows that in pieces from one fourth to the whole length of the stem 35 o/o gave rise to stolons. It should perhaps be added that stolon-formation occurred in all cases at the aboral end of the piece.
Stolon-Formation in Different Regions of the Stem.
We may now consider the frequency of stolon-formation in different regions of the stem. Table I shows that the percentage of stolons is highest in whole stems and proximal halves, i. e. where the cut surface from which the stolon arises is at the extreme proximal end of the stem. Table II shows the number and percentage of stolons formed at the proximal end and elsewhere. When we attempt to compare the relative frequency in other regions the figures given in Table I indicate that stolons appear less frequently in pieces which include more than the distal half of the stem (25) than in pieces including only the distal half or less (31, 30). We should expect to find the frequency of stolon-formation decreasing rather than increasing with increasing distance of the aboral end of the piece from the proximal end of the stem. I believe, however, that the discrepancy ien Table I is only apparent. Daring my experiments I often observed that stolons seemed to appear much more frequently when the stems were cut within a few hours or a day or two after they were collected than when the colonies were allowed to stand in aquaria for several days before using~ even though they were in flowing, well-aerated water. It is well known that colonies of Tubularia kept in aquaria lose the hydranths after a few days. This is an indication of a change in physiological condition.
In the various series of experiments which form the basis of Table I all of the half-stems and smaller pieces were cut within a few hours after collecting" but the whole stems and the pieces of more than half-length were cut at various times up to four days after collection. Thus it is possible to determine for these pieces whether the time elapsing between the removal of the colony to the laboratory and the operation affects the frequency of stolon-formation. The results are given in Table III . While the number of cases is probably too small to give the percentages an absolute value, the differences are too great to be the result of error or of chance differences in the stems or colonies. Moreover, these results confirm a large number of observations in which accurate records were not kept.
The results obtained in Table III enable us to reduce the apparent discrepancies in Table I . Twenty of the pieces in the second group of Table I, i. e., the pieces of more than half and less than whole length were cut after the colonies had stood four days in the aquarium. A stolon was formed in only one case among these twenty pieces. The remaining 55 pieces were cut from the colonies after these had stood from one to two days and 18 stolons were formed, i. e., about 33%.
On the other hand all of the half-stems and smaller pieces, i. e., the last three groups and also most of the whole stems were cut within a few hours after collection of the colonies. If the length of time elapsing between collection and the operation influences the frequency of stolon-formation, it is evident that the frequencies given in Table I are not directly comparable since the pieces were not all in a similar condition. As compared with the results on stems cut within a few hours after collection the frequency of stolon-formation in the first group of Table I is too low since a part of the stems were cut from the colonies after two days: in the second group, pieces of more than half-length, the frequency is much too low because most of these pieces were cut two days and twenty of them four days after collection: but in the last three groups all pieces were cut within a few hours after collection and the figures are therefore comparable. These indicate that proximal half stems give rise to stolons much more frequently than distal halves.
As is indicated by Che loss of the hydranths physiological changes are going on in tubularian colonies kept in aquaria. It is impossible at present to determine the exact nature of these changes but I am inclined to believe that they indicate a decrease in energy. Food is certainly far less abundant in the water of the aquarium than under natural conditions. It is very probable, however, that other factors such as differences in the constitution of the sea-water and perhaps other factors unrecognized as yet play a part.
But whatever the nature of these changes it is evident from the data given above that the frequency of stolon-formation is greatest when the physiological condition is most nearly normal and decreases as the condition departs more and more from the normal.
Further investigation along this line is desirable and care must be taken to eliminate the time-factor in examining the regional frequency of stolon-formation and on the other hand to eliminate the regional factor in examining the influence of time. I hope to offer further data in the future but since my work will probably be based on other species of Tubularia it has seemed advisable to present the data already at hand.
Another fact which accords with the conclusions reached regarding stolon-formation and physiological condition is the fact that stolonformation is never long delayed. If a stolon does not appear within two or three days after section of the stem it is very unlikely to appear at all. In most cases observed the stolon was well advanced within forty-eight hours after section. These results like those cited above show very clearly that the change in physiological --probably nutritive conditions during the experiment very soon renders the formations of stolons impossible.
4. Stolon-Formation and the Length of the Piece.
The pieces used in these experiments all include more than one fourth the length of the stem and none was less than 10 mm. in length. In pieces of less than one fourth the whole length stolonformation has been observed very rarely although hundreds of such pieces have been examined. Even short pieces from the extreme proximal regions of the stem almost always give rise to hydranths or nothing at the aboral end. Sometimes a slight bulging or outgrowth of the coenosare which might perhaps be regarded as the beginning of stolon-formation is observed before the hydranth appears, but this does not continue and a hydranth usually appears sooner or later. Even in the proximal regions of the stem stolons have been observed in short pieces in only 2--3O/o of the cases. In the distal regions, i. e., in the distal half or two thirds the fornmtion of stolons has never been observed in short pieces, except in two stems one of which was cut into eleven pieces as nearly equal in length as possible and averaging 1.5 mm. The first four pieces in succession from the distal end gave rise to hydranths or nothing at their aboral ends while all the rest-seven in number--gave rise to stolons varying in length from 0.5--1 mm. and six of these became firmly attached to the glass of the vessel which contained them. In the other case a similar stem was cut into ten pieces and stolons appeared on two pieces from the proximal region. These two cases are of interest as indicating that the internal conditions which bring about stolonformation are much more intense and extend further distally in some stems than in others.
The fact that stolons are so very rare in short pieces from any region indicates that the length of the piece constitutes a factor in , stolon-formation. It is not the absolute length of the piece that is most important but its relative length, i. e., the proportion of the whole stem which it includes. Whole stems 10--15 ram. in length produce stolons almost as frequently as stems 60 mm. in length, Doubtless in short stems the absolute length is of some importance in this connection, but in general the relative length of the piece with respect to the stem from which it is taken is much more important than its absolute length.
Stolon-Formation
and Contact.
According to LOEB ('92) stolons rarely appear in T. mesembryanthem~o~ unless the aboral ends are in contact with some solid object.
My own experiments do not confirm this conclusion. Of the 67 stolons which appeared in the experiments cited in Table I , 27 were never in contact with a solid object, 26 were attached at some time during their growth and in 14 cases no record was kept of attachment. LOEB regards the aboral end as in contact when the piece is laid flat on the bottom of a vessel, but this is often not the case. If the stem is bent it often lies so that the aboral end is raised above the surface of the glass, yet I have seen stolons arise in many such cases. Moreover, in a considerable number of experiments the aboral ends of stems were raised by placing another stem or some other object beneath the stem at some distance from the aboral end and in these cases also stolons appeared about as frequently as when the stems were lying flat on the surface. In many cases also the stolons were freed soon after they became attached and the stems were placed so that they could not again come into contact with the surface yet the stolons continued to grow. In other cases the sto-lobs were allowed to attach themselves again and were again freed, this being repeated several times in some cases.
These results lead me to believe that internal conditions are of chief importance in determining stolon-formation. Undoubtedly contact with a solid object favors stolon-formation but in many cases it is certainly not a determining factor. Moreover, it seems to me that the aboral end of a piece can scarcely be said to be in contact when the piece is laid on the fiat surface of a glass or other vessel. Even if the shape of the stem is such that the aboral end touches the glass it is only the perisarc that is in contact. The coenosarc must extend beyond the cut end of the perisarc before it can come into contact with the glass. When a stolon is tbrmed in such cases it soon attaches itself to the glass but even in cases where the aboral end is slightly raised the stolon may bend downward and attach itself. It seems probable therefore that many of the cases of stolon-formation observed by LOEB where the pieces were lying fiat on the surface of the dish were determined not by contact but by internal conditions, the attachment taking place only after the stolon had begun to form. Further experiments upon the influence of contact on stolon-formation are needed.
The Length and Form of the Stolons.
No complete record of the length of all stolons observed was kept, but many were measured repeatedly. The maximum length varied in different cases fi'om 0.3 mm to 11 mm. The most common form observed was a simple straight outgrowth which often became slightly enlarged and rounded at the tip. In many of the whole stems, however, the stolon, though at first simple: soon became more or less hig'hly branched and each branch continued to grow for some days. Branched stolons and stolons more than 2--3 mm. in length were rarely observed except in long, whole or nearly whole stems, but here they were frequent. In such long, whole or nearly whole stems the growth of the stolon continued during a much longer period than in shorter stems and in half-stems. In many cases observed the stolons arising from long stems continued to grow during twelve days, while in short stems and half-stems growth almost ahvays ceased after three or four days or earlier.
All of these facts regarding the occurrence of long and branched stolons and length of the growth-period indicate a correlation between the growth of the stolon and the amount of material available in the piece. Other things being equal the greater the amount of material in the stem the greater the growth of the stolon. Certain other general observations may be mentioned in this connection. Stolon-formation was more frequent and the stolons longer in pieces from colonies which appeared to be in vigorous condition than in those from colonies in poor condition. Conclusions regarding the vigor and general condition of different colonies are necessarily somewhat uncertain but colonies in which all or nearly all the stems bear good-sized hydranths with numerous gonads may I think be regarded as in better condition than those with small hydranths, few gonads, and many stems without hydranths or with degenerating hydranths, and it was upon these points that my conclusions regarding vigor were based. I believe we are justified in concluding that stolons are likely to appear more frequently and grow to a greater length in stems that are well nourished and otherwise in good physiological condition than in those that are poorly nourished or otherwise in poor condition.
7. The Formation of Hydranths at the Tips of Stolons.
Lo)~:B ('92) and others who have observed stolon-formation in
T~lb~luriu have noted the fi'equent formation of hydranths at the tips of the stolons. Often the end of the stolon assumes a vertical position before the hydranth is formed, but sometimes it is only the short new stem of the hydranth which assumes this position after it emerges from the perisarc of the stolon.
Among the 67 stolons of Table I , 38 sooner or later gave rise to hydranths at their tips. The branched stolons sometimes gave rise to hydranths at the tips of two or even three of the branches. The hydranth at the tip of the stolon never appears until the stolon has ceased to grow: it follows therefore that the longer the period of growth of the stolon the later the appearance of the hydranth, and further that the hydranths at the tips of the stolons appear later in whole stems and relatively long pieces than in shorter pieces, for the growth-period of the stolon is longer in the relatively long pieces. I was unable to determine with certainty whether a relation exists between attachment or non-attachment of the stolons and hydranthformation. Among the 38 cases of hydranth-formation hydranths appeared at the tips of unbranched stolons which had never been in contact in 16 cases and at the ends of unbranched attached stolons in 9 cases. These figures seem to indicate that hydranths appear more frequently at the tips of stolons which have not been attached~ and this might perhaps be expected, but the number of cases is too small to permit certain conclusions. Where branched stolons appeared all branches were attached in some cases while in others only a part were attached, the others being free. Among such stolons hydranths arose from attached branches in 5 cases and from unattached branches in 4 cases. These cases therefore do not permit any definite conclusions.
The fact that hydranths appear at the ends of stolons only after the latter have ceased to grow is I believe of some importance as indicating that the formation of hydranths is possible under conditions which do not permit the growth of stolons. The facts cited in several of the preceding sections seem to indicate that stolon-formation requires a relatively vigorous or well nourished condition. On the other hand it is known that pieces of the stem of Tubularia may continue to produce hydranths for several weeks after their removal from the colony and in almost total or total absence of nutrition from without. As a result of my observations I wish to suggest that a vigorous physiological condition with abundant nutritive material available favors stolon-formation at the aboral end while hydranthformation is possible under the opposite condition.
If this suggestion is correct it is not difficult to understand why stolons appear more frequently and are longer in relatively long than in relatively short pieces and also why the frequency of stolon-formation decreases as the time during which the colonies are kept in aquaria before operation increases.
II. Stolon-Formation in Tubularia marina.
While I am not able to confirm the opinion of MOI~GAX and STEVENS ('04) that T. ma~'ina exhibits a ,,stronger tendency to produce a stolon from an aboral cut end rather than a heteromorphic hydranth~ my experiments show that stolons are of common occurrence in this species.
In pieces of less than half the length of the stem only very slight outgrowths of doubtful nature have been observed. The results for whole and half stems are given in the following table (Table IV) .
Here the percentage of stolons is almost the same for whole stems and for proximal halves, but in the distal halves the frequency of stolon-formation is less than half as great. A larger number of cases might alter the percentages more or less, but would probably not alter the relations in general. In all of these cases the stems were cut within a few hours after collection so that the time factor does not enter. The stolons produced, especially those at the proximal ends of stems, were in general much shorter than those observed in T. mesembryanthemum and were all unbranched. These differences are probably due to the fact that in T. marina the coenosarc at the proximal end of the stem is much thinner and more slender than in T. mesembryanthemum and hence there is less material available for growth there in that species. A hydrauth was formed at the end of a stolon in only one case, a distal half included in Table IV : Attachment of the stolons to the substratum was observed in a number of cases but a complete record in regard to this point was not kept.
III. Experimental Increase in Frequency of Stolon-Formation.
In his earlier experiments on Tubularia LOEB ('92) discovered that new hydranths developed more rapidly and with longer stems in dilute than in normal sea-water. More recently SNYDER ('05) found that dilution of the sea-water up to a certain limit --between 50 and 60 o/o increased the percentage of aboral hydranths in pieces of T. crocea.
In the course of some experiments with dilute sea-water I found that stolon-formation also seemed to occur more frequently in dilute than in normal sea-water. This was observed in a number of series only one of which is given below. As I hope to consider elsewhere the effect of dilute sea-water on Tubularia, only the results which concern us here are given in the tables. Unfortunately I was forced to conclude my work with a smaller number of experiments than might be desirable but the results are so striking as to leave no doubt regarding the effect of the dilute sea-water.
In Table V The whole stems and half stems included in Table IV serve as controls.
For ease in comparison the percentages of stolons in Tables IV and V are given in Table VI . For whole stems and proximal halves the percentage of stolons is about doubled in 60o o sea-water while for the distal halves it is nearly tripled.
In my records of experiments on T. ~esembrya~them~m at Naples in 1902 I find somewhat similar results. When the experiments were performed I did not recognize their significance and so did not carry them further. In this case eight distal and eight proximal halves from the same stems were placed in 750/0 sea-water and a similar series from the same colony in normal sea-water for control. The results are given in Table VII . Probably more extended experiments would alter the percentages more or less for both species but the results as they stand are quite sufficient to show that dilution of the sea-water has a marked effect in increasing the frequency of stolon-formation.
But in order to make the case clear it is necessary to consider briefly the nature of the effect of dilute sea-water on Tubularia. The work of LOEn has indicated that the effect is in general an acceleration of growth processes. It cannot be supposed, however, that dilute sea-water produces a localized qualitative change at the aboral ends of pieces of such a nature as to alter the specification of this region from hydranth-formation to stolon-formation. The only possible conclusion is that conditions or processes already present are either directly or indirectly increased in energy or accelerated. .In other words dilution of the sea-water simply increases the frequency of outgrowth from the aboral end but cannot be supposed to determine its character. These experiments force the conclusion that the aboral ends of pieces of Tubularia are usually and probably always physiologically predetermined or specified in the direction of stolon-formation, at least in regions proximal to the middle of the stem and probably also to a less degree in those regions distal to it. Under the usual experimental conditions the internal factors are in most cases not sufficient to bring about the actual outgrowth of a stolon except in vigorous well nourished stems. But in dilute seawater they become sufficient to bring about a visible result in a much larger percentage of cases.
Objections to this interpretation may be raised on the ground that this outgrowth is merely an outpushing of the coenosarc in consequence of osmotic conditions accompanying dilution of the medium. If these outgrowths are purely osmotic phenomena we should expect them to appear at both ends of the stem. Occasionally irregular masses of coenosare are found protruding from one or both ends of the stems in dilute sea-water, but these are very different from the stolons, being in most cases masses of rounded or irregular form, much larger in diameter than the stem and not elongated and fiequently almost solid. These appear to be passive outpushings of the coenosare in consequence of osmotic conditions: after a few hours they often collapse or are reduced in size.
The stolons, however, differ in appearance from these passive outpushings. Their diameter is the same or almost the same as that of the stem from which they arise; they usually form a direct continuation of the stem at least for some distance; the layers of the eoenosarc and the enteric cavity are clearly visible in them: and 408 C.M. Child finally if they are near enough to the substratum they become attached, provided the stem is not moved about. They are clearly typical stolons, not passive outpushings of the tissue.
Moreover, we have a basis in other phenomena for the belief that the dilution of the medium increases quantitatively the energy of reaction in Tubularia. Various authors have noted that withdrawal of water from protoplasm decreases its irritability and vice versa up to a certain point. In encysted or other quiescent stages the percentage of water is usually low. We are justified therefore in concluding that the effect on Tubularia of dilution of the medium is something more than a mere osmotic increase of turgor and internal pressure. Additional data bearing on this point will be presented later.
IV. Polarity in Tubularia.
The experiments described above are important in that they place the question of polarity in Tl&ularia in an entirely new light. DRIESCH, MORGA~ and others who have worked with T,lbzdaria have paid little attention to stolon-formation as an indication of polarity in this form. Only recently DRi~sc~ ('05, p. 695) has reaffirmed his views in the following statement regarding Tubularia. ,,Es ist nun bier der richtige Ort die allgemeine Bemerkung einzuschalten, dab ganz im unbestimmten und allgemeinen bei einem Organismus, der stets ohne weiteres ') an seinen beiden freien Enden Polypen restituieren kann, natUrlich tiberhaupt nicht wohl yon ,Polaritiit' und deren ,Umkehr' geredet werden kann. Im allgemeinen Sinne ist hier eben keine Polaritiit vorhanden, nur im spezifischen, z. B. auf die GrSl~c oder Geschwindigkeit eingeschrSnkten Sinne, hat das Worthier Bedeutung.
It will be sufficiently evident from the proceeding sections that T~tbularia does not ~stets ohne weiteres, produce polyps at both ends. Even in normal sea-water the percentage of stolons is too great to be neglected and in dilute sea-water it is greatly increased.
The experimental data force us to the conclusion that a ~,true polarity~ exists in T~tbularia. Failure to recognize its existence has been due to the fact that the process of stolon-formation can occur only under conditions which are often not present in isolated pieces of stems.
1) Italics my own.
But the failure of the stolon to form does not explain why a hydranth should appear in its place in so many cases. In order that this may occur not morely a quantitative but a qualitative change of specification at the aboral end must take place. The factors concerned in this change will be considered elsewhere. I believe, however, that both external and internal factors may be eoneerned.
But however the change may be brought about it is evident that the formation of the hydranth at the aboral end in pieces of Tubzdaria is essentially a secondary process which has nothing to do with the original polarity.
Before proceeding farther it is necessary to take definite position regarding the nature of polarity in general. All the faets seem to me to indicate that the process of hydranth-or stolon-formation like other >~formative, processes is essentially a dynamic reaction or reaction-complex and that it is not associated with peculiar 9 formative substances, of mysterious and unknown nature. This reaction-complex is not necessarily localized alone where the stl'ueture appears; it may merely be most intense there or the simultaneous occurrence of other reaction-complexes in adjoining regions, or other special conditions may determine the localization of the structure, as I shall attempt to show in connection with other experiments. The character and energy of the characteristic reaction-complexes in different regions must depend at least in part upon the physiological or functional relations of the various parts. There can be no doubt, for example, that those regions of the stem nearest the original hydranth are much more directly involved in ,hydranth-processes, and reactions than in ,stolon-processes, and the reverse is true of the proximal regions of the stem.
Moreover, it is not impossible that stimuli of certain kinds pass chiefly or wholly in certain directions in the stem. Such stimuli may be factors in polarity.
But since the present relations are the result of past relations the problem of polarity becomes in part historical. Even if poIarity should prove in the final analysis to be a fundamental and necessary property of protoplasm it would still be essentially a matter of dynamic relations of parts. But conclusive evidence that it is such a fundamental property has not as yet been presented and the fact that polarity is readily altered by changes in external conditions constitutes strong evidence for the opposite view. Provisionally, at least, then, we may regard polarity as an axial 27* difference in the character and energy of reaetion resulting fl'om past physiological relations of parts to each other and to the environment. Polarity may be indicated by quantitative as well as by qualitative axial differences: unless we admit this we are in danger of failing to recognize the essential similarity of various regulatory phenomena.
On this basis we may interpret the delay in the formation of the aboral hydranth as representing the time necessary for .the change in specification from stolon-to hydranth-formation. The length of this time must depend in some degree on the conditions in the different regions but factors of other kinds are also involved. It is a well known fact that the aboral hydranth appears earlier when the oral hydranth is prevented from forming. It is evident then that conditions at one end may influence those at the other. I have obtained very strong evidence-not yet publishedthat the attachment and stolon-formation at the aboral end accelerates hydranth-formation at the oral end in Corymorpha. It appears that in Tubularht the formation of the hydranth at the oral end retards the change in specification from stolon-formation to hydranth-formation.
This retardation is probably, however, indirect rather than direct, i. e., the formation of a hydranth at one end increases the energy of stolon-forming factors at the other and so increases the time necessary to establish the hydranth-specification.
A similar interpretation will probably hold for the fact discovered by K~G ('04) that in T. crocea the presence of aboral hydranths delays the formation of oral hydranths. In this case the presence of the aboral hydranth probably renders the original oral end to some extent physiologically aboral. In general I have found that such influence of one end upon the other appears to be more marked in short than in long pieces. In certain cases special conditions alter the result: e.g., DmESCH ('99) has shown that aboral hydranths usually appear earlier at the extreme proximal end of the sternthan at the middle. In following papers a more extended consideration and analysis of the factors involved in determining the formation of the aboral hydranth will be given. Discussion of special cases is therefore postponed. The purpose of the present paper is to show that the aboral end originally possesses in greater or less degree a stolonspecification, and that the formation of the aboral hydranth is the result of a secondary change in specification, which occurs after the isolation of the piece.
Summary.
1) Inpieces of Tubularia mesembrya~themum ranging from about one fourth to the whole length of the stem stolons are formed at the aboral end in approximately one fourth to one half of the cases.
2) In general the greater the length of the piece in proportion to the whole length of the stem the greater the frequency of stolonformation. In half-stems stolons arise more frequently from proximal than from distal halves.
3) Short pieces of less than one fourth of the length of the stem from any region rarely give rise to stolons. 4) In Tubularia marina the conditions as regards stolon-formation are very similar to those in T. mesembryanthemum.
5) Stolon-formation occurs much more frequently in stems or pieces from vigorous colonies than from those in poor condition. The longer the period during which the colonies are kept in aquaria before the stems or pieces are isolated the more rarely are stolons formed. Stolon-formation always occurs early in the course of the experiment if at all. Stems or pieces which do not begin to produce stolons within two or three days after section very rarely produce them at all. These facts seem to indicate that relatively abundant nutrition or vigorous physiological condition in general is necessary for stolon-formation. 6) Hydranths appear at the ends of stolons only after the latter have ceased to grow. The longer the period of growth of a stolon the later the appearance of the hydranth at its tip. In general, stems and pieces are capable of producing hydranths long after they have become incapable of producing stolons. Various other facts such as the formation of new hydranths in nature at the ends of stolons, the continued regulatory production of hydranths until exhaustion occurs, the fact that short pieces almost always produce hydranths alone, very rarely stolons, etc. show clearly that the formation of a hydranth can occur under physiological conditions in which the formation of a stolon is impossible. 7) By dilution of the sea-water it is possible to increase the frequency of stolon-formation from two to three times. In whole stems of T. marina in 60 O/o sea-water the observed frequency of stolon-formation is 93 o/0 , in proximal halves 80 O/o , and in distal halves 53 0/o. 8) Since it cannot be supposed that dilution of the sea-water alters qualitatively the internal conditions at the aboral end alone we must conclude that this region is predisposed to stolon-formation in very many cases in which stolons do not appear in normal seawater. When we consider that stolon-formation apparently requires abundant nutrition or vigorous condition we are justified in concluding that the aboral ends of all except perhaps very short pieces are predisposed to stolon-formation but do not, in many cases, give rise to stolons because general physiological conditions do not permit the outgrowth of the stolon. 9) During the course of the experiment the original specification of the aboral end as a stolon-forming region gradually changes and it becomes a hydranth-forming region. According to this view hydranthformation at the aboral end is a secondary process having nothing to do with the original polarity but induced by the change in physiological condition during the experiment. Hence the delay in the formation of the aboral hydranth represents the time necessary for the change in the specification. Various conditions such as the length of the piece, the presence or absence of a hydranth at the oral end, etc. may increase or decrease the length of this time, 10) Observation and experiment indicate that the original specification of the aboral end of a piece as a stolon-forming region is most firmly established and the reactions involved possess the greatest energy in the proximal regions of the stem and least in the distaI regions with all intermediate conditions between. The original specification of the oral end as a hydranth-forming region apparently follows the reverse course. If this is the ease T~&~daria possesses a ,true polarity~. The original polarity is, however, often masked in consequence of physiological changes during the course of the experiment.
Hull Zoological Laboratory, University of Chicago, December, 1906. 
Zusammenfassung,

